Background: The Physical Activity Scale (PAS2) was developed to measure physical activity (PA) during work, transportation and leisure time, in the Danish adult population. The objective of this study was to assess the criterion validity of PAS2 against a combined accelerometer and heart rate monitor in Danish adults and to investigate if the criterion validity differed by socio-demographic factors and body mass index. Method: A total of 330 Danish adults (mean age = 46.7 years, 38.5% men) participating in the Health2008 study completed the PAS2 questionnaire and wore a combined accelerometer and heart rate sensor for seven days. Average daily estimates from PAS2 were categorised into time spent in sedentary behaviour, light PA, moderate PA and vigorous PA and were compared to the objective measures. Results: PAS2 accounted for 19.5 hours/day on average. Time spent in sedentary behaviour, light and moderate-intensity PA was weakly correlated with objective data (polychoric correlation coefficients (PCC): 0.18-0.20), whereas vigorous intensity PA was moderately correlated (PCC: 0.54, p = 0.04). Mean bias was −2.3 hours/day (95% limits of agreement (LoA): −9.04 to 4.34) for sedentary behaviour, 1.68 hours/day (LoA: 8.02 to −4.62) for light activity, 0.55 hours/day (LoA: 3.37 to −2.26) for moderate activity and 0.12 hours/day (LoA: 0.57 to 0.33) for vigorous activity. Criterion validity was lower in women, in participants who were above 40 years, overweight, had short education and were unemployed. Conclusions: PAS2 overestimated time spent on light, moderate and vigorous intensity PA and underestimated time spent on sedentary behaviour. Validity differed by key socio-demographic characteristics.
Introduction
There is strong evidence that physical inactivity increases the risk of adverse health outcomes and shortens life expectancy [1, 2] , whereas regular moderate-to-vigorous physical activity (MVPA) can effectively reduce the risk of mortality and chronic disease. In addition, an increasing number of observational studies have found deleterious health effects of prolonged sedentary behaviour [3] . Valid and feasible instruments for measuring sedentary behaviour and physical activity at population level are necessary for continued research into the associated health effects and for monitoring recommended levels and temporal changes in physical activity and sedentary behaviour. Although objective methods are becoming increasingly available and affordable, even for use in large study populations, self-report questionnaires are still needed to provide information on physical activity and sedentary behaviours in different domains (e.g. at work, during leisure time and transportation) [4] .
The Physical Activity Scale (PAS2) was developed to estimate physical activity and sedentary behaviour in the adult Danish population [5] . The questionnaire consists of seven items measuring duration of sleep, sedentary behaviour and physical activity of different intensities at work, during transportation and leisure time. Other validated questionnaires for measuring physical activity already exist; among those is the frequently used international physical activity questionnaire (IPAQ). Criterion validity studies of the IPAQ show poor-to-moderate agreement between selfreport and objective measurements (correlation coefficients between r = 0.15 and r = 0.49) and a tendency for the IPAQ to overestimate time spent in MVPA and underestimate time spent in sedentary behaviour compared to objective measures [6] [7] [8] [9] [10] . In two of these studies, they also showed that IPAQ measures physical activity and sedentary behaviour differently depending on sex, age and job status [6, 11] . PAS2 is a one-page self-report questionnaire and it is a modification of the Physical Activity Scale (PAS) that was developed and validated against diary and uniaxial accelerometery collected at hip level in 2003 [12] and against VO 2 max in 2007 [13] . PAS2 was validated in terms of face and construct validity using cognitive interviewing [5] but PAS2 has not yet been validated against an objective criterion measure. Therefore, the aim of this study was to assess the criterion validity of PAS2 against combined accelerometery and heart rate monitoring in 330 Danish adults who participated in the Danish health examination 'Health2008'. A secondary aim was to investigate if the criterion validity of PAS2 differed by age, gender, body mass index (BMI), educational level or employment status.
Methods

Study population
A random sample of 2218 men and women aged between 30 and 60 years living in the Western part of the Copenhagen area was extracted from the Danish Civil Registration System and invited to participate in the Health2008 study, a substudy of the Health2006 [14] . The purpose of Health2008 was to study and validate tests and questionnaires used in Health2006. In the invitation letter it was specified that pregnant women, persons unable to perform physical activities such as bicycling and climbing stairs, and persons with known cardiovascular disease, diabetes, chronic obstructive pulmonary disease, hypertension or history of blood clots were not eligible. A total of 795 eligible persons accepted the invitation (36% of the initially invited population). All participants (n = 795) were asked to wear a combined accelerometery and heart rate monitor for seven days. Of these, 463 accepted (58% of the 795 participants). Participants were excluded if the monitor was defect (n = 45), if the quality of the measurements were inadequate (n = 66), or if the total wear time of the monitor was less than 24 hours (n = 22).
The Ethics Committee of the Copenhagen Region approved the collection of data for the Health2008 study (H-KA20060011) and all participants provided written informed consent.
Procedure
Participants received a self-report questionnaire by post (of which PAS2 was a part), which they filled in before arriving for the health examination at the Research Centre. The health examination lasted five hours and included testing of cognitive, psychological and physical functions. At the examination, participants were asked if they were willing to wear an activity monitor for the following seven days. If participants agreed, the monitor was positioned on their chest and the monitor was returned by mail after seven days.
Self-reported physical activity
PAS2 is a one-page self-administered questionnaire for estimating respondents' time spent in different types of physical activity and different activity levels. PAS2 comprises nine items, of which four items ask about time spent on different daily activities and three items ask about time spent on weekly activities. On a daily basis, the questionnaire asks about duration of sleep, sedentary behaviour and physical activity during leisure time, at work and while commuting to and from work. On a weekly basis, the questionnaire asks about light, moderate and vigorous physical activity during leisure time. An overview of the questions in PAS2 is presented in Table I .
Each question in PAS2 represents a specific level of metabolic equivalent (MET) intensity based on the Compendium of Physical Activity [15] : sleep = 0.9 MET; television (TV) viewing/reading = 1.0 METs; sitting work = 1.5 METs; standing/walking work = 2.0 METs; light leisure-time physical activity = 3.0 METs; active transportation = 4.0 METs; heavy work = 5.0 METs; moderate leisure-time physical activity = 5.0 METs; and vigorous leisure-time physical activity = 6.0 METs. Sleep, TV time and sitting at work were categorised as sedentary behaviour. Standing/ walking at work and light leisure-time physical activity were categorised as light activity. Heavy work, active transportation and moderate leisure-time physical activity were categorised as moderate activity, and vigorous leisure-time physical activity was categorised as vigorous activity (Table I) .
To estimate average time spent per day, weekly leisure-time physical activity of light, moderate and vigorous intensity (questions 5-7) was divided by seven. Total reported time per day was calculated by adding all hours from all questions in PAS2. Where total time was below 24 hours, we added time that was not accounted for to the category light physical activity, and where time total was above 24 hours, the surplus hours were subtracted from light physical activity. This approach was based on previous findings indicating that the duration of light-intensity activities -for example, light cleaning or standing at home (1.5-2.5 METs) -are very difficult for most respondents to assess and are, therefore, the most variable activities [12] .
Combined heart rate and accelerometer monitoring
The objective measures of physical activity and sedentary behaviour were obtained by a combined accelerometer and heart rate monitor (Acc + HR) (Actiheart, CamNtech Ltd., Cambridge, UK) [16] set up to record information about acceleration and heart rate every 60 seconds. A combined heart rate and accelerometer measurement is considered superior to an accelerometer measurement alone, as heart rate provides additional information for the determination of the intensity of performed activities [17] . When combining accelerometer and heart rate data by branched equation modelling, the accelerometer data are predominantly used during low levels of heart rate and movement, whereas heart rate information is predominantly used when both heart rate and acceleration levels are high. The monitor was attached to the participants' chest with two standard electrocardiogram electrodes (3M TM , Minnesota, US), one at the lower part of the sternum and the other one placed to the left, as laterally as possible, on the same horizontal level [18] . Participants wore the monitor for seven consecutive days and were asked only to take it off when engaging in water activities other than showering. Calibration of the heart rate signal to energy expenditure was based on a gender-stratified group calibration derived from the Interact study but anchored at individual sleeping heart rate [19] .
Data from the monitors were downloaded on a PC using the Actiheart software. All files were Translation of PAS2 questions taken from Andersen et al. [5] .
checked for corrupt data and wear time and nonwear time was checked against logs to see if times fitted according to the registered start and ending of wear period. Heart rate data were pre-processed to eliminate sensor noise using a JAVA program implementing the Bayesian procedure [20] whilst minimising potential diurnal bias caused by non-wear. Non-wear time was determined from the combination of non-physiological heart rate (large Bayesian error) and periods of prolonged inactivity. Branched equation modelling was used to estimate physical activity energy expenditure (PAEE, J/min/kg) from the minute-by-minute measures of accelerometery and heart rate data [16] . This was summarised as average daily PAEE (kJ/kg/day) and fractions of time spent at the different activity intensity levels. Intensity was defined based on multiples of a standard value of resting metabolic rate = 71 J/(1 MET = 3.5 mL O 2 ·min −1 ·kg −1 ) whilst minimising potential diurnal bias caused by non-wear (standard METs) −1 (~71 J·min −1 ·kg −1 ). Individuals with less than 24 hours of monitor wear time were excluded from this study. Combined accelerometery and heart rate monitoring has been successfully validated against isotopic assessment of energy expenditure in UK adults [17] and it has been used for investigating external validation of the IPAQ questionnaire [6] and other physical activity questionnaires such as the Recent Physical Activity Questionnaire [21, 22] and the Norwegian Women and Cancer Study questionnaire [23] .
For the comparison between PAS2 and combined sensor estimates, data from both methods were categorised into intensity levels: sedentary (0.9-1.5 METs), light physical activity (>1.5-3.0 METs), moderate physical activity (>3.0-6.0 METs) and vigorous physical activity (>6.0 METs).
Statistical analyses
The distribution of the questionnaire variables was generally non-normally distributed, and data were therefore analysed by non-parametric statistics. We performed the Wilcoxon test for equal medians to investigate if median number of hours reported in PAS2 differed significantly from number of median hours measured objectively. Agreement between PAS2 and the objective measurement was investigated using Bland-Altman plots of mean difference and 95% limits of agreement (LoA) between measurements. Ranking ability of PAS2 was assessed using polychoric correlation coefficients -an approach for calculating rater associations between ordered categorical data that are assumed to be latent continuous variables [24] . To investigate whether the criterion validity of the PAS2 questionnaire differed depending on subgroup, the analyses were stratified by age, sex, BMI, education level, employment status, self-rated physical activity level and self-rated work strain. Total PAEE from PAS2 was calculated by multiplying time and intensity for each item and then summing over all items.
Data analysis was performed using SAS version 9.4.
results
The study population comprised 330 individuals, 127 men (38.5 %) and 203 women (61.5%), with a mean age of 46.7 years. Small differences in the distribution of age, BMI, educational level and physical activity at work were seen between men and women (Table II) . In Table III , the number of hours spent at the four different intensity levels is presented. For the total population (n = 330), median hours per day spent in sedentary behaviour including sleep were 15.0 hours per day according to PAS2, and 17.2 hours per day measured by the objective measurement, which correspond to a median difference of 2.2 hours for sedentary behaviour including sleep (Table III) . Participants spent 7.6 hours per day according to PAS2 and 5.9 hours per day according to Acc + HR engaging in light physical activity, which corresponds to a difference of 1.7 hours. They spent 0.9 hours per day engaging in moderate activity according to PAS2 and 0.7 hours according to Acc + HR. For vigorous activity, participants reported 0.1 hours per day in PAS2 but registered 0.0 hours per day by Acc + HR. In general, time spent in sedentary behaviour was underestimated when measured by PAS2 compared to Acc + HR and time spent on light, moderate and vigorous activity was overestimated. The difference in time spent at the four intensity levels measured by PAS2 and Acc + HR was most pronounced for unemployed persons and least for younger age groups and participants with a university degree (Table III) .
Bland-Altman plots of differences between PAS2 and objective data showed mean bias of −2.3 hours (95% LoA: −9.04 to 4.34) for sedentary behaviour, 1.68 hours (95% LoA: 8.02 to −4.62) for light activity, 0.55 hours (95% LoA 3.37 to −2.26) for moderate activity and 0.12 hours (95% LoA: 0.57 to 0.33) for vigorous activity (Figure 1) . For moderate and vigorous activity, the plots indicate heteroscedasticity; that is, poorer agreement between measurements with increasing number of hours spent in moderate or vigorous activity.
Polychoric correlation coefficients (PCCs) are presented in Table IV for the four levels of physical activity stratified by gender, age group, BMI, educational level and employment status. Weak correlation coefficients (PCC = −0.06 to 0.22) between PAS2 and Acc + HR were seen for sedentary behaviour for all subgroups. For light physical activity correlation coefficients were weak for all subgroups (PCC = −0.11 to 0.32). A moderate correlation was found between PAS2 and Acc + HR for moderate activity in the subgroup 'University degree' (PCC = 0.42) and 'Obese' (PCC = 0.40), but for all other subgroups correlations were weak (PCC = 0.10 to 0.34). Correlations between PAS2 and Acc + HR were moderate for vigorous physical activity (r = 0.26 to 0.66).
Total daily PAEE estimated from Acc + HR was 176.3 (standard deviation (SD) ± 61.5) kJ per kg per day, and 247.0 (SD ± 106.3) kJ per kg per day when estimated from PAS2 corresponding to an overestimation of total daily PAEE of 28.8% by PAS2 compared to Acc + HR.
Discussion
In the present study the criterion validity of PAS2 was assessed among 330 Danish adults from the Health2008 study using combined accelerometery and heart rate monitoring as an objective criterion measure. Overall, PAS2 overestimated time spent in light, moderate and vigorous intensity physical activity and underestimated time spent in sedentary behaviour, including sleep. PAS2 measured physical activity more accurately in men compared to women, in younger age groups compared to older age groups, in men and women with a university degree compared to lower educational levels and in those who held a job compared to those not currently working. This is the first study to assess the criterion validity of PAS2. However, the findings in this study are in line with the results of the criterion validity assessments of a comparable physical activity questionnaire, the IPAQ [25] . IPAQ and PAS2 have similar measurement properties, although PAS2 is shorter (by one page) and has more items on sedentary behaviour and light activity compared to IPAQ. These extra items in PAS2 could be one of the reasons for the overall slightly better agreement between PAS2 and Acc + HR compared to the agreement found between IPAQ and objective measures of physical activity [6, 7, 9, 11] .
PAS2 overestimated time spent on light, moderate and vigorous intensity activity and underestimated time spent in sedentary behaviour. This overestimation could, in part, be due to the effect of social desirability, which could cause participants to over-report hours spent on physical activity and under-report time spent in sedentary behaviour. However, two studies found that social desirability had little or no effect on how people responded in self-report instruments for measuring physical activity [26, 27] , which suggests that social desirability may not explain why PAS2 overestimated the level of physical activity. Another possible explanation for over-reporting time spent in physical activity may be that in the process of recalling a sport or exercise event, the individual may include getting ready for the activity as part of the actual sport event. This would extend the activity time period and thus cause PAS2 to overestimate time spent on physical activity. The agreement between PAS2 and Acc + HR appeared to be slightly better in men than in women. Women, to a larger extent than men, underestimated time spent in sedentary behaviour and overestimated time spent in light activity, and correlation coefficients Table III . Hours spent at different MET levels for PAS2 and Acc + HR. were higher for men than for women in light and moderate activity. Similar gender differences were found for IPAQ [7, 9, 28, 29] . One reason could be that women perform less moderate and vigorous intensity activity compared to men and time spent on moderate to vigorous intensity activity is generally easier to recall than low-intensity activities [30] , which could cause the discrepancy between men and woman.
Sedentary time
Other differences in the agreement between PAS2 and Acc + HR were seen for age, educational level and employment status. PAS2 measured time spent in the four activity intensity levels more accurately in participants with a university degree compared to those with shorter education. This is a noteworthy finding and as PAS2 was designed by people with a university degree, the questionnaire may well be better suited to respondents with a high education level.
The criterion validity of PAS2 was found to be different for unemployed persons compared to participants who held a job. PAS2 underestimated time spent at physical activity compared to Acc + HR, which was an unexpected finding, since the opposite tendency was seen for all other subgroups. This indicates that having a job makes it easier to recall and classify the activities of the day. However, a larger study population would be necessary in order to further investigate the findings related to unemployment, as the group of unemployed participants only comprised 17 men and women in the present study.
Strengths and weaknesses of the study
Our study has several strengths. The study population comprised 330 Danish adults, which is a relatively large study population compared to similar criterion validation studies [31, 32] . The size of the study population enabled us to perform subgroup analyses to investigate whether PAS2 measured PA better for some groups than others. We used the Acc + HR monitor as criterion measure, which has been shown to be valid elsewhere [33] and is, therefore, a major strength of this study. The physical activity questionnaire was completed prior to the objective measurement, which ensured that reactivity from wearing a device did not influence the completion of PAS2. We are aware that the objective estimate of physical activity refers to a specific week's activity, but since PAS2 refers to a typical day/typical week this should not have a major impact on the comparisons in the present study.
A limitation of this study could be systematic errors in the objective measurement of physical activity, which could have occurred due to the use of a group calibration of the heart rate data, as opposed to individual calibration using a dynamic exercise test. However, we did use individual sleeping heart rate and gender as proxy calibrators, which was recently shown to inflate individual-level error by <20% for Acc + HR estimates of PAEE, compared to dynamically calibrated models [17] . Another limitation is systematic errors in the Acc + HR measurement, which could have occurred due to reactivity. Participants may have changed their physical activity behaviour towards being more active, simply as a result of wearing the monitor, which could potentially have led to altered agreement between PAS2 and Acc + HR. Sleep could be identified in PAS2 but was not singled out in the Acc + HR data, thus not allowing examination of the bias in sedentary behaviour due to underestimation of sleep or awake sedentary behaviours.
However, the variation in response to the item on sleep duration (item 1) was a lot smaller than the variability of answers given to questions measuring time spent in sedentary behaviour, which indicates that the measurement bias in PAS2 is probably due to difficulties with accurate reporting of awake sedentary behaviours, more so than sleep.
Conclusions
The results of this study indicate that PAS2 underestimates time spent in sedentary behaviour and overestimates time spent in light, moderate and vigorous activity. However, no other validated questionnaire for measuring physical activity has proved better at measuring physical activity among Danish adults. To determine if PAS2 is a valid questionnaire for measuring physical activity in the general Danish population, further validity studies are needed, as the results of the present study can only be generalised to healthy Danish adults between 30 and 60 years of age. Cheap and valid measurement methods of physical activity are necessary for improving the quality of physical activity research and thereby improving the health of Danish adults.
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